Introduction
Canine spirocercosis is caused by the nematode Spirocerca lupi (S. lupi) and characterized by esophageal nodules which can undergo neoplastic transformation 1-2 and form an osteosarcoma, fibrosarcoma or undifferentiated sarcoma [1] [2] [3] [4] . The pathogenesis behind this neoplastic transformation remains poorly understood, hence the need for further investigation. Spirocercosis is a good model to study helminth-induced neoplasia and factors associated with neoplastic transformation, based on the presence of two groups of dogs with the same disease, presenting with identical clinical signs differing only by the neoplastic stage of disease progression 5 .
Spirocercosis diagnosis is based on the detection of S. lupi eggs on fecal evaluation 4 , pathognomonic thoracic radiographic or computed tomography (CT) findings (spondylitis, esophageal mass and aortic aneurysm) 6 , esophagoscopy 6 , response to therapy and/or histopathology of the nodules 5 . Therefore, in the presence of these characteristic findings spirocercosis diagnosis is relatively easy. Confirmation of concomitant neoplastic transformation, however, is challenging requiring invasive or expensive diagnostic tools. The endoscopic appearance of the nodules [3] [4] , poor treatment response, presence of hypertrophic osteopathy 6 , anemia, leukocytosis and hyperglobulinemia [6] [7] have been suggested as indicators of neoplastic transformation, although their sensitivity is poor. Histopathology is the gold standard for definitive diagnosis of neoplastic transformation 5 . However, endoscopic-guided biopsies can capture the necrotic periphery of the nodule, rendering it highly insensitive. In view of the pitfalls surrounding the definitive diagnosis of spirocerca-induced neoplastic transformation, the search for a simple reliable screening test to determine the neoplastic transformation is necessary.
Vitamin D is a secosteroid hormone, well known for its role in calcium regulation. It also plays an important non-calcemic role in the regulation of the immune function, cell proliferation and differentiation, and modulation of gene expression 8 , all of which have been implicated in the development of neoplasia. The extra-skeletal vitamin D functions were discovered when vitamin D receptors (VDR) were identified in many normal and neoplastic cells [9] [10] [11] [12] [13] . V i t a m i n D 5 supplementation has been described in the treatment of veterinary patients with renal [14] [15] , metabolic [16] [17] and neoplastic diseases [18] [19] [20] .
The anti-neoplastic vitamin D effect relates to its capacity to inhibit cell proliferation and angiogenesis and stimulate cell differentiation and apoptosis 21 , with the activity of 1,25- 
Materials and Methods

Selection of cases
Fifty one client-owned dogs diagnosed with canine spirocercosis at the Onderstepoort Veterinary Academic Hospital in South Africa were included in the study with owner consent.
Twenty five of these dogs were diagnosed with non-neoplastic spirocercosis (Group A, n=25) and 26 with neoplastic spirocercosis (Group B, n=26). Twenty four healthy dogs were used as a control group (Group C, n=24). The spirocercosis cases were randomly selected from a total of 119 spirocercosis cases (39 neoplastic and 80 non-neoplastic) that presented to our hospital over a three year period.
Inclusion criteria for all dogs diagnosed with spirocercosis were a complete blood count 
Appetite scoring
The appetite of all dogs diagnosed with spirocercosis was scored as normal or abnormal (decreased appetite or total anorexia) based on information obtained from the owners. The type of diet (commercial, home cooked or mixed) was also questioned in all dogs.
The appetite scores were compared between the non-neoplastic and neoplastic spirocercosis groups and then further compared to the serum 25(OH)D concentrations of each spirocercosis group.
Test method
Serum samples from all three groups of dogs for 25(OH)D analysis were frozen within 1 hour of collection and stored at −70°C before being sent to the laboratory for analysis on dry ice.
Serum concentrations of 25(OH)D were measured and validated as described in detail elsewhere [26] [27] . Briefly, samples were extracted using acetonitrile and applied to C18 Silica Sep- ).
In order to evaluate the influence of age and serum albumin concentration on serum 25(OH)D concentrations in all groups, an homogeneity of slopes analysis was performed followed by an analysis of covariance (ANCOVA). Statistica 10 g was used for this statistical analysis.
Breeds, and gender and spay/neuter status were compared among the three groups using the A P-value of < 0.05 was considered statistically significant in all statistical tests performed. 
Results
25(OH)D serum concentrations
A statistically significant difference in serum 25(OH)D concentrations was observed between the 3 groups (p<0.001) (Fig. 1) 
Appetite scores in canine spirocercosis
No significant differences in appetite scoring were seen between the two spirocercosis groups using the Fisher's Exact Test (p=1.0).
All dogs were fed a mixture of home cooked and commercial diet (various types of grocery store diets). The proportion of each diet was not possible to be determined and therefore dietary vitamin D concentrations were not quantifiable.
25(OH)D serum concentrations and appetite scoring
No significant differences were observed in the median serum 25(OH)D concentrations of dogs with normal or abnormal appetite either in the non-neoplastic spirocercosis (p=0.125) (Fig. 2) or the neoplastic spirocercosis groups (p=0.0869) (Fig. 3) . Age and serum albumin concentration in canine spirocercosis and their influence on serum
25(OH)D concentrations
There was a significant difference in the ages between all groups (p<0.001 The ANCOVA demonstrated a significant difference in serum 25(OH)D concentrations between the three groups of dogs that was independent of either albumin or age (p<0.05).
Breed, body weight, gender and spay neuter status and their influence on serum 25(OH)D concentration
No statistical significance was detected for breed (p=0.84), gender and spay neuter status (p=0.38) among the three groups (Table 1) . Breeds varied within all groups (total 26 dog breeds) including small, medium, large and giant breed dogs.
The non-neoplastic spirocercosis dogs had a median body weight of 30.2 kg (range 6.9-78), (Table 1) . No statistical significant difference was observed in the median body weight among the three groups (p=0.27). 
Discussion
This study has shown that serum 25(OH)D is low in canine spirocercosis and that it is significantly lower in the neoplastic form of the disease compared to the non-neoplastic form. A reduction of serum 25(OH)D concentrations with progression of the disease from a nonneoplastic to a neoplastic state was also evident in this study. These results were independent of appetite, age and serum albumin and the low vitamin D status could thus potentially play a role in the neoplastic transformation of canine spirocercosis.
Causes of reduced serum 25(OH)D concentrations could be attributed to anorexia, alterations in hepatic function or over-expression of FGF 23 and 24(OH)ase activity 9, [11] [12] [13] . Firstly, our study showed that appetite was unlikely to account for the difference in serum 25(OH)D concentrations between the spirocercosis groups. However, it is possible that dogs that had inflammatory esophageal disease or neoplasia were eating less commercial dog food and more table foods remain possible 29 , although further studies to prove this association are required. Chronic inflammation caused by parasitic infections is recognized as an important risk factor for neoplastic development 30 . Inflammatory mediators that are produced can induce DNA damage in tumor suppressor genes leading to post-translational modifications of proteins involved in cellular apoptosis, DNA repair, and cell cycle checkpoints 30, 32 . Its use in the non-neoplastic spirocercosis could also be beneficial for its anti-inflammatory effects on COX-2 expression and prostaglandin pathway 21 , potentially reducing the risk of neoplastic transformation. The major in vivo limitation for calcitriol supplementation/treatment is the potential hypercalcemic effects specially when used for its anti-neoplastic effects (dosedependent effect), as high doses would be required 19 . Further studies are warranted in order to recommend calcitriol treatment and to evaluate if it would decrease the incidence of neoplastic transformation. If used, serum calcium concentrations should be closely monitored.
Limitations of this study include lack quantification of the dogs' appetite and proportion of home cooked diet versus commercial diet, and lack body condition scoring. These parameters could have been related to the vitamin D concentrations. 
Conclusion
